Abstract Water retention capacity and saturated hydraulic conductivity are important soil hydraulic properties that affect soil productivity and the environment. The knowledge of soil water properties and land-use effects on these properties are important for efficient soil and water management. The aim of this work was to evaluate the effect of cultivation of rangelands on soil water retention. Furthermore, the use of the van Genuchten equation to estimate soil saturated water content (h s ) and water content (h h ) was assessed. The comparison of the parameters of this equation [water release parameters (a and n) and residual water content (h r )] obtained in cultivated and rangelands was also evaluated. Moreover, a comparison between measured and estimated soil saturated hydraulic conductivity (K s ) by several selected pedotransfer functions (PTFs) was performed. The study showed that the land-use effect on soil water retention was significant only at water potentials of -33 and 0 kPa in the top 15 cm of the soil. At the -1500 kPa pressure head, water content was not affected by the land-use type at soil depths of 0-15 cm and 15-30 cm. In this study, a, n, and h r values were not significantly different between the two land-use types. The fit of the van Genuchten model to water retention data resulted in a low sum of squared errors and high coefficient determination values. Overall, the van Genuchten equation can be used as a physically based model for soil water retention characterization in the studied area. However, this model was not able to accurately estimate K s . No distinct trend for estimated K s by the selected PTFs in the studied area was observed. Thus, it is essential to evaluate the model applicability for different soils at various sites.
Introduction
Soil hydraulic properties are important to understand the transmission properties and water balance in soils (Hillel 1998) . The characterization of the hydrological behavior of catchments requires a knowledge of hydraulic parameters (Santra and Das 2008) . One important soil hydraulic property is water retention capacity, which affects soil productivity and management. Soil water content (h h ) governs the transport characteristics of water and solutes in soils. The knowledge of water retention capacity and landuse effects on this property is important for efficient soil and water management. Upon conversion of natural lands to cultivated fields, water retention capacity is strongly influenced (Schwartz et al. 2000; Bormann and Klaassen 2008; Zhou et al. 2008) . Soil water retention at field capacity (FC) and permanent wilting point (PWP) are important to estimate the irrigation water depth, which may be affected by land-use change. Understanding the relation between water storage capacity and land-use change is important in determining the flow properties of water in soil. Several researchers have demonstrated that land-use type has an important effect on the soil hydraulic characteristics (Sonneveld et al. 2003; Bodhinayake and Cheng Si 2004; Bormann and Klaassen 2008) . The characteristic of soil water retention is affected by soil organic carbon (SOC) content and porosity, which are significantly influenced by land-use type (Zhou et al. 2008) . Soil water retention and saturated hydraulic conductivity (K s ) are necessary input data for the simulations of water flow in soil and water engineering. Land-use changes in a given soil result in a change of soil properties and inputs for PTFs. Field measurements and simulation models can be used to describe soil water retention (Schwartz et al. 2000; Sonneveld et al. 2003) .
The determination of soil water properties required as input data for simulation models is time consuming and relatively costly (Wösten et al. 1995) . Thus, indirect estimation of these characteristics has been proposed as one alternative to direct estimation of the soil hydraulic parameters based on the measured water retention data. To estimate the land-use effects on soil water retention, the van Genuchten model (Van Genuchten 1980) may be applied. Schwartz et al. (2000) showed that the simultaneous fit of the Mualem-van Genuchten equation (Van Genuchten 1980) to water retention data resulted in a good fit for different land uses. Sonneveld et al. (2003) also used the Mualem-van Genuchten equation for fitting h h data for the retention curves in different land uses. Evett et al. (1999) fitted the h h data to the Mualem-van Genuchten equation using RETC software (retention curve) (van Genuchten et al. 1991) and obtained acceptable results (r 2 C 99). Porebska et al. (2006) showed that there are correlations between soil physical properties and van Genuchten parameters. Several researchers have correlated van Genuchten parameters with soil organic matter (SOM), bulk density (BD), and soil particle size distribution (Sonneveld et al. 2003) , and many researchers have estimated the water retention curve using soil texture, bulk density, and porosity (Nemes and Rawls 2004; Timlin et al. 2004 ). For instance, Guber et al. (2004) assumed that van Genuhten parameters (a and n) relate to the small and large aggregate contents in the soil, respectively. Estimation of the van Genuchten parameters, a and n, using the RETC program can be used to develop models to estimate these parameters using basic soil properties (Kutula and Ersahin 2008) . Continuous pedotransfer functions (PTFs), which estimate van Genuchten parameters using some soil properties (i.e., BD and SOC), can be considered as suitable tools for the characterization of water retention (Van Alphen et al. 2001) .
Many statistical equations (pedotransfer functions) characterizing the water retention curve have been presented (Kutilek and Nielsen 1994) . PTFs are useful tools for modeling applications. Such analytical functions are derived involving various soil data that are measured in the field and from laboratory analyses. Soil hydraulic parameters derived through PTFs can be used to express soil hydraulic properties and water retention (Brooks and Corey 1964) . Consequently, physically based models, such as the van Genuchten model representing a pedotransfer function, may be considered as valuable tools to simulate the soil water properties in different land uses. Investigations on soil hydraulic properties affected by land use are not comprehensive when compared to studies on soil chemical properties. As a result, land-use types result in changes of soil organic matter and bulk density, thus, leading to a different input for PTFs in a given soil (Sonneveld et al. 2003) . Despite its importance, there is a lack of understanding of suitable PTF applications and documentations of PTF applications in dryland farming and rangeland in the Taleghan watershed in Iran.
The objectives of this work were as follows: (1) 
Materials and methods
This study was conducted on soil in the Taleghan watershed in Iran, which was covered by rangeland and dryland farming (converted more than 50 years ago). The site (36°08 0 58 00 N and 50°43 0 12 00 E) had an elevation of 1453 m with homogeneous soils. According to a Taleghan watershed study report (University of Tehran 1993), the studied soils were calcareous and classified as Typic Xerorthents. The soil had a pH (in M KCl) of 7.8-7.9, and the electrical conductivity (EC) of the soils varied from 0.47 to 0.56 dS m -1 at depths of 0-15 cm and 15-30 cm, respectively. The land slope was approximately 15 %. The minimal and maximal daily temperatures were approximately -5.6 and 17°C, respectively. The mean annual rainfall varied from 464 to 796 mm. The dominant rangeland plant species were Astrangalus alopecuriodes and Sophora alopecuriodes, which were converted into cultivated wheat, and the soil texture was clay loam. The overall soil BD and h h were determined by 72 undisturbed steel cores that were 100 cm 3 (volume) by 5 cm (diameter) with four replicates taken from depths of 0-15 cm and 15-30 cm. The core method was used to measure soil bulk density (Blake and Hartge 1986) , and the soil saturated hydraulic conductivity (K s ) was measured using a constant head method (Klute and Dirksen 1986) . Twenty four composite soil samples were air-dried and passed through a 2-mm sieve. The particle size distribution was determined using a hydrometer method (Gee and Bouder 1986) , and the OM content was determined using a wet oxidation method previously described by Walkley and Black (1934) . The h h and water potential (W) data was obtained from laboratory measurements. h (h) was determined at various potentials (0, -33, -50, -100, -500, -1000, and -1500 kPa) by a pressure chamber apparatus with four replicates (Klute 1986 ). The h (h) data were fit to the van Genuchten equation to derive retention curves and parameters (a, n, and h r ) for two landuse types using the RETC (retention curve) optimization computer code (Van Genuchten et al. 1991) . Parametric estimation was used in this study. The van Genuchten model is defined as follows:
where h (h) (cm 3 cm -3 ) is the volumetric water content (for h \ 0); h r (cm 3 cm -3 ) is the residual water content; h s (cm 3 cm -3 ) is the saturated water content; m is 1-(1/n) with n [ 1; and a (cm -1 ) and n are empirical parameters determining the shape of the curve, which were obtained for each core. Parameter n is related to steepness of the water retention curve.
where K s (mm/h) is saturated hydraulic conductivity and S e is the effective saturation expressed as follows:
The equations previously described by Mishra and Parker (1990), van Genuchten (1980) , and Wösten (1997) were used to estimate the saturated hydraulic conductivity (K s ) in this study.
The equation described by Mishra and Parker (1990) is as follows:
where K s is the soil saturated hydraulic conductivity (mm s -1 ). Wösten (1997) has defined the transformed parameter K s model as follows: where K s *, D, OM, and CS are the transferred saturated hydraulic conductivity, bulk density, organic matter, and percentage of clay and silt, respectively.
Statistical analysis
A significant test on the land use was performed using the analysis of variance (ANOVA) within the general linear model (GLM) of SAS software (1999). The model performance was evaluated using measured soil water retention data, simulated soil water retention data, sum of squares errors (SSE), SD, and R 2 .
Results and discussion Table 1 presents several soil properties for depths of 0-15 cm and 15-30 cm corresponding to two land-use types. Significant differences in the OM and BD were observed between dryland farming and rangeland at both depths (Table 1) . Soil sample water contents at different pressure heads under both land-use types are presented in Fig. 1 . The overall measured and fitted soil water retention curves did not show significant difference within the selected water potentials for both land-use types in this study. However, measured h s (0 kPa) values were found to be significantly lower (by 11.7 and 11.1 %) for dryland farming when compared with rangeland at depths of 0-15 cm and 15-30 cm, respectively. Moreover, the landuse effect on soil water retention was significant at a water potential of -33 kPa (FC) based on laboratory measurements only at the top (15 cm depth) (Fig. 2) . The results indicated that the conversion of rangeland to dryland farming led to a significant decrease (16.56 % on average) in the FC at a depth of 0-15 cm. The mean -1500 kPa (PWP) water content was not affected by the land-use type. Figure 2 indicates that the mean total field capacity (FC) was significantly greater in rangeland when compared with dryland farming at a depth of 0-15 cm. In this study, there were not statistically significant differences in water content at other potentials (-50, -100, -500, and -1000 kPa pressures) between the two types of land use presented in Fig. 1 . At those pressure heads and at a -1500 kPa water content, the amount of micropores were not affected by the land-use type. Despite the strong relationship between the SOM and water retention capacity, the water content at low pressure heads was not affected by land-use change or decrease of the SOM in dryland farming, which may be due to a stronger effect of the SOM on FC than the effect of the SOM on water retention at -1500 kPa (Rawls et al. 2003) . Overall, the results show that the soil pore system and reduced total porosity under dryland farming can decrease water storage capacity at water potentials of -33 and 0 kPa. A previous study has shown that improper soil management decreases the soil macroporosity in the longterm affecting the h s (Ndiaye et al. 2007 ). Higher porosity of rangeland soils when compared with cropland soils and higher saturated water content in pasture soils when compared with dryland farming soils were found by Sonneveld et al. (2003) . The result of the current investigation agrees with a previous study by Buytaert et al. (2005) who demonstrated that the -1500 kPa water content and water retention at low potentials in cultivated soils are not significantly lower than those of natural lands. As a result, the lower BD and higher SOM in the rangeland soils have likely led to higher soil water retention at the -33 and 0 kPa potentials affecting water retention properties. The relationship between an alteration in the SOM and porosity can lead to higher -33 kPa water content in rangeland soils (Rawls et al. 2003; Buytaert et al. 2005 
Modeling performance
Fitted parameter values and standard errors obtained from the simultaneous fit of the h h data to Eq. (1) are presented in Table 2 . The fit of the van Genuchten model to water (Table 2 ). In the case of the Taleghan watershed soils, the van Genuchten model resulted in satisfactory estimates of water retention capacity except in saturated water content (h s ). Model simulations using the van Genuchten model strongly corresponded with laboratory soil water retention measurements. The overall fit of the van Genuchten model to water retention data resulted in low SSE and high R 2 values (0.98-0.99) for clay loam soils from the studied area with both land-use types. Similar results were obtained by Schwartz et al. (2000) and Evett et al. (1999) who found that the h h data fit to the van Genuchten equation yields acceptable results (high R 2 ). The modeling performance was similar for both land uses and depths. Comparing the estimated h r , n, and a values with the van Genuchten equation did not show significant differences between the two land-use types (at p \ 0.05). The n parameters for rangeland were 0.0206 and 0.009 at depths of 0-15 cm and 15-30 cm, respectively, and these values were not significantly different from the dryland farming n parameters, which were 0.106 and 0.129 for depths at 0-15 cm and 15-30 cm, respectively. These parameters were not significantly different between the cultivated lands and rangelands. H r is the water content at the lowest soil water potential (-1584.9 kPa) (Ndiaye et al. 2007) . Thus, at this pressure head and PWP water content, the water is retained in soil micropores, which is not affected by land-use type. As reported by Ndiaye et al. (2007) , the n parameter is influenced by soil texture, which is related to soil particle size distribution. This parameter can be changed with alteration of soil, sand, silt, and clay particles (Porebska et al. 2006) . Therefore, the n parameter is not influenced by land-use change. Because a and n are empirical parameters determining the shape of the water retention curve (Sonneveld et al. 2003) , it was concluded that there was no significant differences between the retention curves of dryland farming and rangeland. This conclusion was apparently related to insignificant differences in water retention data at the considered pressure heads, which may be attributed to the insignificant effect of land-use on micropores. This observation was revealed by comparing the shape of the curves presented in Fig. 1 . Comparing the shape of water retention curves can be an indicator of hydraulic properties, which were similar for low pressure heads in this study. Schwartz et al. (2000) obtained satisfactory estimates of water retention using the Mualem-van Genuchten model except at a near saturation water content, which was similar to what was obtained in this study. Figure 3 shows the relationship between the measured and estimated K s by three types of PTFs. The van Genuchten model was not able to estimate the K s , and the estimated values of this parameter were the same for the studied soils in the selected area with both land-use types. Moreover, significant differences were observed between the measured and estimated K s by the point pedotransfer functions as described by Wösten (1997) and Mishra and Parker (1990) , which may be attributed to the difference in texture and bulk density ranges than those used to develop PTFs applied in this study. Furthermore, complicated conditions in the laboratory (disturbed core samples producing preferential flow) may be other probable reasons for the observed difference between measured and estimated K s by PTFs. The use of PTFs as an empirical relationship must be limited by the range or type of soils from the data used to drive them (Wösten et al. 2001 ). The PTFs developed on soils similar to those in the studied area may perform better when compared to other soils (Givi et al. 2004; Haghighi et al. 2010a) . A good estimated saturated hydraulic conductivity is obtained when pore sizes have been measured in addition to the typical PTF inputs (soil texture, BD, and OM). Thus, selecting appropriate PTFs is a crucial task for applications in regions where developed PTFs are not available because of the lack of large databases.
Conclusions
Results of this study suggest that soil management and land-use change affect SOM content and soil water retention only at a -33 kPa (FC) potential in the top 15 cm of soil based on laboratory measurements and model simulations. Additional research is essential to evaluate the SOM effect on the water retention capacity at different low pressure heads (e.g., -1500 kPa) for dryland farming. The results of this study showed that higher water content at the -33 kPa potential would be expected upon conversion of natural lands to cultivated lands. In addition, the saturated soil water content (h s ) was affected by the land-use change. Moreover, because cultivation of natural lands affects soil macroporosity, we suggest measuring soil water retention at higher suction heads to document the land-use effect on soil water retention properties in relation to soil macropores. Evaluation of the land-use effect on soil water properties is needed not only to document the changes but also for the ability to manage and govern the effects that land-use type has on these properties. The fit of the van Genuchten model to the water retention data resulted in a low SSE and high R 2 . This finding showed that the van Genuchten model was useful in describing soil water retention in clay loam soils in the studied area. Thus, use of this model should be considered as a valuable tool to gain more knowledge of hydraulic properties for various soil types. Point PTFs of soil saturated hydraulic conductivity could not be used in this case study. The effect of land-use type on soil water retention and PTF applications have not been documented in the studied area to the best of our knowledge. In Iran, there is a lack of large databases that are needed to develop PTFs. Thus, in many developing countries, such as Iran, the use of available PTFs can cause errors for estimating soil hydraulic properties. The results of this study encourage further investigations of the model applications and development of suitable point and parametric PTFs for estimating soil hydraulic properties in the studied area. The selection of more suitable PTFs for application where there are not developed PTFs caused by a lack of large databases is difficult. Consequently, it is essential to evaluate the model applicability and to develop point and parametric PTFs for estimating soil hydraulic properties for the soils and land uses in this study and various other sites. Thus, the estimates may be improved by comprehensive local studies.
